PSO and Linear LS for parameter estimation of NARMAX/NARMA/NARX models for non-linear data / Siti Muniroh Abdullah by Abdullah, Siti Muniroh
UNIVERSITI TEKNOLOGI MARA 
PSO AND LINEAR LS FOR 
PARAMETER ESTIMATION OF 
NARMAX/NARMA/NARX MODELS 
FOR NON-LINEAR DATA 
SITIMUNIROH BINTI ABDULLAH 
Thesis submitted in fulfilment 
of the requirements for the degree of 
Master of Science 
Faculty of Electrical Engineering 
May 2017 
CONFIRMATION BY PANEL OF EXAMINERS 
I certify that a Panel of Examiners has met on 8 March 2017 to conduct the final 
examination of Siti Muniroh binti Abdullah on her Master of Science thesis entitled 
"PSO and Linear LS for Parameter Estimation of NARMAX/NARMA/NARX Models 
for Non-Linear Data" in accordance with Universiti Teknologi MARA Act 1976 
(Akta 173). The Panel of Examiners was as follows: 
Lee Yoot Khuan, PhD 
Associate Professor 
Faculty of Electrical Engineering 
Universiti Teknologi MARA 
(Chairman) 
Rozita Jailani, PhD 
Associate Professor 
Faculty of Electrical Engineering 
Universiti Teknologi MARA 
(Internal Examiner) 
Syed Khaleel Ahmed 
Associate Professor 
Faculty of Electrical Engineering 
Universiti Tenaga Nasional 
(External Examiner) 
DR MOHAMMAD NAWAWI 
DATO' HAJI SEROJI 
Dean 
Institute of Graduates Studies 
Universiti Teknologi MARA 
Date: 18th May 2016 
ii 
AUTHOR'S DECLARATION 
I declare that the work in this thesis was carried out in accordance with the regulations 
of Universiti Teknologi MARA. It is original and is the results of my own work, 
unless otherwise indicated or acknowledged as referenced work. This thesis has not 
been submitted to any other academic institution or non-academic institution for any 
degree or qualification. 
I, hereby, acknowledge that I have been supplied with the Academic Rules and 
Regulations for Post Graduate, Universiti Teknologi MARA, regulating the conduct of 
my study and research. 
Name of Student 




Signature of Student 
Date 
Siti Muniroh binti Abdullah 
2013151995 
Master of Science (Electrical Engineering) -EE750 
Electrical Engineering 
PSO and Linear LS for Parameter Estimation of 





System Identification, a discipline for constructing models from dynamic systems, 
consist of three major steps: structure selection, parameter estimation and model 
validation. The parameter estimation step is concerned with the estimation of model 
parameters once the structure is known. Typically, parameter estimation is performed 
using various types of Least Squares (LS) algorithms due to its stable and efficient 
numerical computation. However, LS methods suffers from oversmoothing properties 
(such as in curve fitting) and high sensitivity to outliers as error squaring significantly 
increases in magnitude. Additionally, when the range of data increases, it makes the 
nonlinear processes become more difficult. In this thesis, the Particle Swarm 
Optimization (PSO) is proposed for parameter estimation of a Nonlinear 
Autoregressive Moving Average with Exogeneous Inputs (NARMAX) and its 
derivatives ((NARX) and (NARMA)) of three datasets, which are Direct Current 
Motor (DCM), Flexible Robot Arm (FRA) and Mackey Glass (MG) system. PSO is a 
swarm-based search algorithm perform a stochastic search to explore the search 
space. Due to its stochastic nature, the algorithm does not inherit the numerical 
problems posed by the LLS algorithms. The proposed method is compared with three 
established conventional Linear Least Squares (LLS) solution methods : Normal 
Equation (NE), QR factorization (QR) and Singular Value Decomposition (SVD). 
Results suggest that the PSO algorithm is viable alternative to other established 
algorithms for LLS parameter estimation. In DCM NARX experiment, LLS is 
outperform in term of criterion fitness while PSO outperform in correlation violation 
values. For model fit test (MSE and R-squared) both methods perform similar. For 
FRA NARMAX, PSO outperform than LLS in term of criterion fitness, MSE and 
correlation violation while in R-squared analysis both methods perform similar. In the 
last experiment MG NARMA, LLS outperform than PSO in MSE value, criterion 
fitness and R -squared analysis while in term of correlation violation, PSO outperform 
than LLS. Additionally, the PSO algorithm was found to improve the correlation tests 
(reduction in correlation violation 22.22% in DCM NARX, 1.89% in FRA NARMAX 
and 10.46% in MG NARMA experiment) relative to the LLS algorithms. 
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